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Abstract 
This article presents the experimental results of stress controlled constant amplitude fatigue tests of a 50wt% sgfr 
partial aromatic polyamide regarding influencing parameters fibre orientation and temperature. The results are 
presented in the form of S/N curves, showing the variation of fatigue strength as a function of ambient temperature 
and fibre orientation. 
Based on these experimental results hypotheses for fatigue life prediction have been developed and implemented into 
a standard fatigue software tool. The new analysis method and simulation process which takes into account the fibre 
orientation and distribution as result from moulding simulation have been verified with component tests. 
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1. Introduction 
The application of short glass fibre reinforced (sgfr) plastics in automotive engineering is increasing. 
Because of their high specific strength they are very interesting for lightweight constructions. Another 
benefit is the favourable manufacturing process, which allows realizing complex component structures in 
one production step. Using injection moulding, production time and costs can be reduced.  
But plastic parts for example in engine compartment must maintain their function during service life. 
They are cyclically loaded and have to be resistant against engine compartment temperatures up to 
T=120 °C and other environmental influences such as humidity, oil, cooling medium and others. 
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The available mechanical material properties of this material group from datasheets are mostly 
measured under monotonic loads, like tensile strength, yield strength and fracture elongation. For the 
dimensioning of parts with regard to geometry, loading conditions and material behaviour these material 
data are not sufficient. For dimensioning dynamically loaded components made of metals the fatigue life 
calculation method based on local S/N curves is widely used [1]. These local S/N curves, determined for 
the material, are essentially influenced by component specific effects, such as type of loading, mean 
stress, notch sensitivity effects, size, technological influences, loading order, plastic deformation, 
multiaxial loading and many more [1, 2, 3]. 
Regarding fibre reinforced polymers many additional relevant influence parameters, such as 
x fibre orientation and concentration [4, 5] 
x type of matrix 
x temperature [17, 18] 
x moisture [6, 7, 8, 17, 18] 
x weld lines [9, 10] 
and others have to be considered [11]. 
One of the main aims of this research project was the generation of a comprehensive database which is 
necessary for the applicability of the fatigue life calculation with local S/N curves for sgfr plastics [3]. 
Furthermore a simulation process was established, which takes into account the fibre orientation and 
distribution as a result from moulding simulation. Also for structural stress analysis with the finite element 
method the local anisotropic material behaviour derived from moulding simulation needs to be 
considered. Hypotheses for fatigue life prediction of anisotropic materials have been derived from a lot of 
tests on specimens, implemented into the standard fatigue software tool FEMFAT and verified so far with 
component tests [4, 12, 13, 18]. 
 
Nomenclature 
k slope of S/N curve 
Kt stress concentration factor 
Mba amplitude of bending moment 
N number of cycles 
R stress ratio: Vmin/Vmax 
T temperature 
Va stress amplitude 
2. Experimental procedure 
2.1. Material an testing specimens 
The material investigated in this study is an injection moulded sgfr partial aromatic polyamide with 50 
wt% glass-fibres (PA 6T/6I-GF50) and was obtained from EMS-Grivory (Domat, Ch). The glass fibres 
have a nearly cylindrical cross section with a diameter of 10 to 15 ȝm. This material was selected, 
because it can be used for the efficient manufacture of high-performance technical components which are 
characterized by stiffness and strength at high application temperatures. Other benefits are the good 
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resistance to chemicals and that the property values are influenced very little by absorption of water. All 
these material characteristics qualify this material for components used in engine compartment [14]. 
Cyclic tests were conducted with two different types of injection moulded specimens: standardized 
specimens (specimen type 1A - ISO 527-2 [15]) and specimens with a special geometry, that allow to 
investigate the influence of fibre orientation without the influence of machining. In the following this type 
of sample is called EMS-specimen, because the geometry was developed by EMS-Grivory. Due to the 
special geometry a stress concentration factor of Kt=1.6 for tension loading have to be considered. 
Because this specimen is only for internal use, no more information of geometrical details can be given. 
To estimate the influence of fibre orientation on the fatigue behaviour, the EMS-specimens were tested 
in flowing direction (longitudinal) and also transversal. All specimens were preconditioned on the basis of 
ISO 1110. So they were exposed to an environment of 62 % RH at 70 °C. The duration of exposing is 
dependent on the specimen thickness. After this process of conditioning, at least 95 % of the equilibrium 
water concentration is reached. 
2.2. Constant amplitude fatigue tests (S/N curves) 
These tests are used for analyzing fatigue strength of a material under sinusoidal loading with constant 
stress amplitudes. In order estimate hysteretic heating because of too large testing frequencies, the tests 
were made at different frequencies (5, 10 and 30 Hz). The surface temperature in the center of the 
specimens was recorded during the whole cyclic tests. As a result of these tests, the testing frequency for 
all other tests was fixed to 10 Hz. 
All tests documented in this paper were made with the standardized and the EMS-specimens. They 
were performed stress controlled (applied stress ratio R=0.1 was kept constant) on a MTS (Berlin, Ger) 
servo-hydraulic testing machine at different testing temperatures and 50 % relative humidity (RH). 
Fatigue testing was done at several stress levels. The stress values of these levels were defined in order to 
realize at least three levels in the range of cycles to failure N=104 and 106. The failure criterion for fatigue 
tests was specimen separation. Otherwise tests were interrupted when the number of cycles reached 
N=5x106. 
To generate S/N curves the nominal stress amplitudes ıa and the number of cycles N were plotted in 
double logarithmic way. At least three specimens were tested at each stress level. So the slope k of the 
S/N curve could be calculated using the Gaussian distribution [16]. 
2.3. Influence of fibre orientation and temperature on the fatigue behaviour 
Fig. 1 shows the S/N curves generated with the conditioned EMS-specimens at 50 % RH under 
tension/tension loading (R=0.1) having regard to the average fibre orientation and temperature. 
Temperature as well as fibre orientation influence the fatigue behaviour of PA 6T/6I-GF50 essentially. 
The results illustrated in Fig 1 show decreasing values for fatigue strength for increasing testing 
temperature and decreasing average fibre orientation. 
Independent from the testing parameters, all tests show a very small statistical scatter of the measuring 
points. As illustrated in Fig. 1, the slope k of the S/N curve is not influenced by the testing temperature 
but by fibre orientation. For the tested material the slope k is smaller for the transversal tested specimens, 
which means the S/N curve runs steeper and is nearly constant even at higher temperatures. However the 
reachable stress amplitudes are significantly influenced by the testing temperature. The fatigue strength is 
the smaller the higher the temperature. A very interesting fact is, that the reachable stress amplitudes at 
T=120 °C of the longitudinal tested specimens are higher than the results of the transversal tested at 
T=23 °C. In the tested fatigue range no distinctive fatigue strength could be investigated.  
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Fig. 1. Effect of temperature and fibre orientation on the fatigue behaviour of PA 6T/6I-GF50 [17] 
3. Simulation process for fatigue life calculation of sgfr plastic components 
Based on multitude of experimental results hypotheses for fatigue life calculation have been developed 
and implemented into a standard fatigue software tool (FEMFAT). The main influencing parameters fibre 
orientation and distribution are a result of the injection moulding simulation and have to be considered for 
fatigue life calculation and stress analysis. For components made of sgfr plastics it is essential to perform 
the stress analysis with local anisotropic material parameters (Young’s Modulus, Poisson’s ratio). 
A consistent and working simulation chain was developed within this research project, as shown in 
Fig. 2. The finite element (FE) structure is originally created by the injection moulding simulation tool. 
To simulate the typical layer composition due to the complex flowing conditions of the polymer melt with 
adequate accuracy, the mesh density has to be very high. But for structural stress analysis usually rough 
meshes are sufficient, otherwise the calculation effort is too high. Only in notches very fine meshes are 
necessary. Actual developments take aim to map local material parameters, orientation tensors and 
residual stresses from one given FE-mesh to another. 
 
 
 
 
 
 
Fig. 2. Simulation workflow and interfaces from process simulation to fatigue life prediction [13] 
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3.1. Validation of the simulation process 
The first validation of the simulation process was performed with an injection moulded ring spanner. 
Therefore component tests as well as fatigue life calculations were done. The investigated load case was 
bending, this means that one end of the ring spanner was fixed with a screw head and the sinusoidal load 
(R=0.1) was applied on the other end. For all tests the injection location with predominantly poor oriented 
fibres was on the side of load application. Stress controlled constant amplitude fatigue tests and 
simulations were performed at several stress levels. Finite Element analyses with anisotropic material 
behaviour calculated with moldflow have been executed. The mesh for the simulations consists of about 
200.000 second order tetrahedral elements. 
The first validation of the simulation process is done by testing an injection moulded ring spanner. A 
comparison of typical breakdown in component test and the damage distribution simulated by FEMFAT 
for a bending moment of Mba=8 Nm is shown in Fig. 3. In all tests and at all stress levels the failure 
occurs in the injection location where the fibres are oriented statistically. The most damaged node 
simulated by FEMFAT is in the region of injection location too. Generally a good accordance of 
component test and fatigue life calculation (FEMFAT) regarding area of damage-maximum was 
observed. It was found that there is a factor of 3 between the calculated and the tested number of cycles to 
failure which means that the results of fatigue life calculation are conservative and within a typical scatter 
band for fatigue analysis. 
 
 
 
Fig. 3. Result of first validation – top: typical breakdown in component test; bottom: calculated damage distribution (FEMFAT) 
4. Conclusion 
Temperature as well as fibre orientation influence the fatigue behaviour of the analyzed sgfr polymer 
essentially. The investigation shows decreasing fatigue strength for increasing testing temperature and 
decreasing average fibre orientation. Similar to other studies [5, 11] no distinctive fatigue strength or 
changing in the slope of the S/N curve could be investigated in the test range. 
For evaluation of the simulation process component tests as well as fatigue life calculations were 
performed with an injection moulded ring spanner. The generated results show very good accordance 
regarding to area of damage-maximum. 
It has been shown that fatigue life calculation of sgfr plastic components based on S/N curves is 
possible by taking into account the fibre orientation and distribution resulting from injection moulding 
simulation. 
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